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SUISJARY: 


1.  The  extent  of  increase  in  ventilation  due  to  inhal¬ 
ation  of  carbon  dioxide  at  15,000  feet  is  approximately 
equal  to  that  obtained  at  sea  level  7/hen  carbon  dioxide 
tensions  are  the  same  under  the  two  conditions. 

2.  Respiratory  exchange  at  sea  level  while  breathing 

5  per  cent  carbon  dioxide  (36  rsa.  Eg.  tension)  was  2.25 
times  that  while  breathing  air.  At  15,000  feet,  9.25 
per  cent  carbon  dioxide  (35  mm  Hg.  tension)  was  reouired 
to  obtain  the  same  change  in  ventilation. 

3.  Pronounced  variability  in  response  to  carbon  dioxide 
was  noticed  not  only  among  different  individuals  but  also 
in  the  same  individual  at  different  times  both  at  sea 
level  and  at  15,000  feet  simulated  altitude. 

A.  At  15,000  feet  the  subjective  indications  of  anoxia 
were  relieved  slightly,  though  definitely,  by  carbon  diox¬ 
ide  tensions  of  2?  Esa.  Hg.  or  more  ia  the  inspired  air. 


COKCLUSIOIJS: 


The  respiratory  response  of  a  group  of  subjects  to 
carbon  dioxide  was  the  same  at  15,000  feet  pressure  alt¬ 
itude  as  at  sea  level  when  the  same  tension  of  carbon 
dioxide  in  the  inspired  air  was  used  in  both  cases.  There¬ 
fore,  the  respiratory  response  to  carbon  dioxide  at  this 
altitude  is  not  altered  by  anoxia. 


B^HODUCTIOr: 


iG  accordance  with  BuHed  directive  X-4.02{AV-2l6-f ) , 
the  respiratory  response  of  a  prcup  of  individuels  to 
various  amounts  of  carbon  dioxide  in  the  inspired  air 
v;as  studied.  As  stated  in  the  directive,  the  study  was 
to  have  included  only  a  single  concentration  of  carbon 
dioxide  {5f:)  at  sea  level,  and  concentrations  necessary 
to  produce  similar  responses  at  various  altitudes.  It 
was  considered  that  more  informative  results  mip’ht  be 
obtained  if  the  study  included  several  concentrations 
of  CO2  at  sea  level,  and  the  concentrations  repaired  to 
produce  similar  responses  at  15,000  feet.  This  modifi¬ 
cation  of  the  directive  was  follov.'ed. 

Although  it  is  well  known  that  COp  stimulates  res¬ 
piratory  activity  at  sea  level,  very  little  quantitative 
data  are  available  v/hich  shov/  the  mairnitude  of  this  re¬ 
sponse  at  altitude.  V/ith  the  current  interest  in  the 
possible  effects  of  CO2  at  altitude,  it  becomes  of  im¬ 
portance  to  determine  this  factor. 


EXP3mH!I[!AL  liETHODS: 


The  pras  mixtures  were  prepared  in  a  Tissot  Spirometer 
and  transferred  to  a  rubberized  fabric  pas  container  of 
aoproximately  800  liters  capacity.  Oxygen  was  added  in 
amounts  sufficient  to  restore  the  concentrations  to  approx¬ 
imately  normal.  Concentrations  of  CO2,  Op  and  v/ere 
determined  by  means  of  the  Haldane-Henderson  apparatus 
for  the  analysis  of  respiratory  gases. 

The  respiratory  requirements  of  the  subjects  v/ere 
supplied  through  a  system  of  tubes  containing  check 
valves  so  arranged  that  the  expired  air  could  be  collected 
for  measurement.  In  the  experiments  at  sea  level  the 
samples  of  expired  gases  were  collected  in  the  spirometer 
and  measured  directly,  while  those  obtained  in  the  lov; 
pressure  chamber  at  a  simulated  altitude  of  15,000  feet 
Y/ere  collected  in  a  Douglas  bag  and  measured  at  altitude 
by  means  of  a  p’as  meter. 

All  experiments  v/ere  performed  with  the  subjects  in 
the  sitting  position.  The  routine  procedure  of  the  ex¬ 
periments  was  as  follows:  (1)  a  preliminary  ueriod  of 
several  minutes  was  allowed  for  the  subject  to  become 
accustomed  to  the  mouthpiece  and  noseclip,  and  for  res¬ 
piration  to  become  adjusted  to  the  changed  conditions: 

{2}  while  breathing  ambient  air  the  expired  gases  v/ere 
collected  for  a  period  of  three  minutes,  and  the  volume 
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measured;  (3)  the  sub.iect  was  then  allov/ed  to  breathe 
the  pas  mixture  for  a  period  of  three  minutes  in  order 
that  resoiratory  exchanc-e  might  become  adjusted  to  tJie 
increased  CO2  content  of  the  insoired  ^ases;  (4)  while 
breathing  the  gas  fixture,  and  after  the  initial  adjust¬ 
ment  neriod,  the  expired  pases  were  collected  during  an 
additional  period  of  three  minutes,  and  the  volume 
measured;  (5)  the  subiect  was  again  allowed  to  breathe 
ambient  air  for  three  minutes  before  a  final  period  of 
collection,  also  of  three  minutes  duration.  The  average 
ox  the  two  volumes  collected  while  breathing  ambient 
air  was  obtained.  The  number  of  resoirations  was  counted 
during  each  period  of  collection. 

HE3UT.T3: 


In  Table  I  are  shown  data  obtained  from  these 
experiments.  It  v/ill  be  noted  that  CO^  content  of  the 
gas  mixture  is  reported  in  terms  of  partial  pressure. 

All  subjects  exhibited  an  increase  in  respiratory  min¬ 
ute  volume  during  exposure  to  the  COg  mixture.  This 
increase  v;as  directly  related  to  C02^tension.  At  sea 
level  the  rate  of  ventilation  w’as  approximately  2.25 
times  noimal  v'hile  breathing  a  gas  mixture  containing 
5p  CO2  (36  mm.  Hg.  tension),  while  at  15,000  feet  a  sim¬ 
ilar  rate  v/as  produced  by  9.25  ^  COo  (35  ee.  Bg.  tension). 
Considerable  variation  in  the  magnitude  of  the  response 
vas  noted  both  among  the  several  subjects  end  in  the 
same  subject  at  different  times.  Frequently  the  res¬ 
piratory  rate  increased  during  exposure  to  CO2,  hut  not 
invariably.  ‘ 

The  relationship  between  resoiratory  exchange  and 
CO2  tension  is  shov/n  in  Figure  1.  It  v/ili  be  seen  in 
this  figure  that  eoual  CO^  tensions  produced  ecual 
degrees  of  respiratory  stimulation  (within  the  limits 
of  individual  variability)  v/hether  at  sea  level  or  at 
15,000  feet. 

At  altitude  (15,000  feet)  all  subjects  noted  def¬ 
inite  indications  of  anoxia  v/hile  breathing  ambient  air. 
More  common  among  these  v/ere  impairment  of  peripheral 
vision,  physical  weakness,  and  uneasiness  or  apprehension. 
While  breathing  CO2  at  tensions  of  27  mm.  Hg.  or  higher, 
all  subjects  noted  a  slight  though  definite  improvement 
with  respect  to  these  indications  of  anoxia, 

DISCUSSION: 


Pulmonary  ventilation  is  increased  by  the  addition 
of  COp  to  the  inspired  gas  mixture,  and  the  extent  of 
this  increase  at  a  simulated  altitude  of  15,000  feet 
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is  approximately  equal  to  tiiat  observed  at  sea  level 
when  COo  tensions  under  the  two  conditions  are  equal, 
Trcm  this  it  is  evident  that  the  defies  of  anoxia  which 
exists  at  this  altitude  does  not  alter,  to  a  significant 
extent,  the  response  of  the  respiratory  mechanism  to 
COp.  The  physical  work  involved  in  ventilation  at  a 
rate  two  or  more  times  the  normal  is  definitely  annoying 
at  sea  level,  though  not  extremely  so.  At  altitude  the 
annoyance  is  reduced,  probably  because  of  the  greater 
ease  with  which  adequate  quantities  of  the  less  dense 
gases  can  be  drawn  into  the  lungs,  \9hether  or  not  the 
extent  of  the  amelioration  of  the  subjective  symptcmis 
of  anoxia  obtained  from  such  a  rate  of  ventilation  is 
sufficient  to  justify  the  means  of  its  accomplishment 
has  not  been  demonstrated.  Further,  it  is  reasonable 
to  suppose  that  a  respiratory  system  which  is  already  in 
a  state  of  stimulation  will  be  less  aole  to  readjust 
itself  to  meet  additional  demands  should  the  occasion 
arise.  Also  the  great  variability  in  the  responses 
of  different  individuals  {or  oven  the  same  individual 
at  different  times)  to  a  given  concentration  of  CC^ 
should  be  noted. 


TABLE  I 


Respiratory  Sxchanpe  at  Sea  Level  and  at  Altitude 
’Vhile  Breathiap  Air  and  CO2  fixtures. 
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